Objective-Depression may be a predictor and consequence of obesity. However, available evidence for racial minorities has been inconsistent, and more prospective studies are needed. Thus, the present study's objective was to examine whether depressive symptom severity is a predictor and/or consequence of total adiposity over a 9-year period in a representative sample of late middle-aged African-Americans.
Introduction
Depression and obesity are highly prevalent, disabling conditions (1, 2) . Approximately, 17% of adults will suffer from major depressive disorder in their lifetime (3) , and almost 36% of U.S. adults are obese (body mass index; BMI ≥ 30 kg/m 2 ) (4). Both depression and obesity are associated with poorer psychosocial outcomes (5, 6) and elevated risk for chronic physical disease (7) . Prospective evidence suggests that depression is a risk factor for obesity, with odds ratios (OR) ranging from 1.18 to 2.57 (8) . Depression as a consequence of obesity has also been documented with obesity conferring greater risk of developing clinical depression (OR=2.15) or elevated depressive symptoms (OR=1.36) (8) .
The depression-obesity relationship has been found for both genders (8, 9) and across multiple race/ethnicities, including Caucasians and African-Americans (10) (11) (12) (13) . However, evidence indicates that the relationship may be moderated by gender and race/ethnicity, such that stronger relationships exist for non-Hispanic white women compared to non-whites (14) (15) (16) (17) . In a nationally representative adult sample, Gavin et al. (14) detected a depression by race by gender interaction, such that obesity was cross-sectionally associated with depression in non-Hispanic white women but not in African-American, Hispanic, or Asian women (14) . Race/ethnicity moderation has also been observed in adolescents, such that depression was prospectively related to obesity and vice versa for non-Hispanic white female adolescents but not for African-American or Hispanic females (15) .
To summarize, although the depression-obesity relationship appears to be strong and consistent among non-Hispanic white females, especially adolescents, the relationship among adult minorities is less understood, given that most studies have utilized predominantly white, female samples (14) . Moreover, many studies with adequate representation of African-Americans (14) were cross-sectional and cannot determine the directionality of observed depression-obesity relationships. These limitations are important because African-American adults, especially women, have the highest rates of obesity in the U.S. (4) (i.e., 50% of African-Americans vs. 34% of non-Hispanic whites and 39% of Hispanics). To address these limitations, the objective of this prospective study was to examine whether depressive symptom severity is a predictor and/or consequence of total adiposity indicators over 9 years in a representative sample of late middle-aged AfricanAmerican adults. This aim was achieved by testing the following hypotheses:
Hypothesis #1 Greater baseline severity of depressive symptoms is associated with greater 9-year increases in adiposity, as indicated by body fat percent (BF%) or BMI.
Hypothesis #2 Greater baseline BF% or BMI is associated with greater 9-year increases in depressive symptom severity.
This study analyzed data from the African American Health (AAH) study (18) , which contains measures of depressive symptoms, BF%, and BMI at baseline and at a 9-year follow-up.
conducted which included the following factors: education (years), objective income (total annual household income ranging from ≤ $10,000 to ≥ $75,000), the presence or absence of hypertension, cardiovascular disease, diabetes, cancer, and chronic kidney disease [as determined by asking if participants had ever been told by a physician that they had a particular disease], and physical disability/limitations [as assessed by standard measures of basic and instrumental activities of daily living and lower body functional tasks (22) ].
Procedure
Participants received detailed, in-home baseline (average 2.5 hours) and 9-year follow-up (2 hours) evaluations conducted by professional interviewers. Two-thirds of the baseline interviewers were African-American, and all were African-American for the 9-year followup. Interviewers asked questions from a standardized protocol and set up the measuring tape and Tanita scale for assessing participants' height, weight, and BF%. During baseline, a random subsample (20%) of AAH participants completed additional assessments (e.g., DEXA testing) at a clinical testing center.
Data Analyses
SEM was the chosen primary analytic strategy instead of multiple regression given the nature of our cross-lagged panel data (two primary variables measured at two time points) (23) . The advantage of SEM is that it allows the simultaneous entry of multiple outcomes in one model while also adjusting for all predictors (24) . Because our moderately sized sample met the minimum participant-to-parameter ratio for SEM analyses, data were screened to evaluate SEM assumptions (25) , which were met. A cross-lagged panel analysis was conducted using latent variable path analysis in LISREL 8.8 and the advocated two-step approach (25) . The chi-square (χ 2 ) statistic, root mean square error of approximation (RMSEA), standardized root mean square residual (SRMR), and comparative fit index (CFI) were examined. The χ 2 statistic should be small and non-significant to indicate acceptable fit (25) ; however, this statistic is sensitive to sample size, with larger samples typically generating a significant χ 2 , regardless of fit (25) . The RMSEA should be ≤ 0.06 (26) . The SRMR should be ≤ .08, whereas CFI should be ≥ .95.
Two models were constructed. Model #1 included the CES-D score and BF% at baseline and 9-year follow-up, and baseline age and gender. Model #2 used BMI in place of BF%. All variables except the CES-D were modeled as latent variables with a single item-level indicator and errors set to zero. The CES-D score had 11 item-level indicators. The "I felt sad" item was used for scaling. For the measurement model, all variables were freed to correlate. The error variances of baseline and follow-up CES-D indicators were set to covary. In the structural model, follow-up CES-D and BF% or BMI were adjusted for their baseline scores, and their errors set to covary. Each baseline variable was connected to both follow-up variables.
The exploratory fully-adjusted models were identical to Models #1 and #2 except the following baseline variables were added: education, income, chronic physical diseases, and level of disability. Each variable was modeled as a latent variable with a single indicator except the disability factor, which had three indicators. These confounders were linked to follow-up CES-D and BF% or BMI variables. All models were also run using the total sample (N = 998) and employing the full information maximum likelihood (FIML) estimation procedure in order to account for missing data. The results of the FIML analyses did not differ from those in the sample of 410 with complete data (not shown).
In order to facilitate comparison with past studies employing categorical approaches (16), we also ran supplemental regression analyses with dichotomous variables for depression (0 = not depressed, 1 = depressed) and BMI (0 = not obese, 1 = obese) using the CES-D cut point of ≥ 16 or higher (19) and the BMI cut point of ≥ 30 kg/m 2 .
Results

9-year Change in Depressive Symptom Severity and Adiposity
CES-D, BF%, and BMI scores at baseline and follow-up are shown in Table 1 The distribution of the change scores was also normal and varied widely across the sample (See Figure 1) . Both the standard deviations and distribution of change scores indicate that there were substantial individual differences in 9-year changes in depressive symptom severity and adiposity despite the stability of scores at the group level.
Body Fat Percent (Model #1)
The measurement model for Model #1 was specified as planned and showed adequate fit, as indicated by all the fit indices except the chi-square. Because a significant χ 2 is very common in larger samples (25) , the structural model was examined. The structural model fit statistics were identical to the measurement model's, and the individual structural paths were examined (see Figure 2 ). The structural path from baseline CES-D to 9-year BF% was not significant (β=−0.01, p=.78), indicating that baseline depressive symptom severity did not predict change in BF% over 9 years. The structural path from baseline BF% to 9-year CES-D was also not significant (β=0.05, p=.39). These results show that baseline adiposity did not predict 9-year change in depressive symptom severity. 
Body Mass Index (Model #2)
Model #2 constructed with measured BMI had similar results (see Figure 3) . Model #2 had good fit except for chi-square, so the structural paths were examined ( Figure 3 
Discussion
The hypothesis that greater baseline severity of depressive symptoms is associated with greater 9-year increases in total adiposity was not supported. Baseline CES-D scores did not significantly predict 9-year changes in BF% or BMI. When the reciprocal hypothesis was tested -that greater baseline total adiposity would be associated with greater 9-year increases in depressive symptom severity -it was also not supported. Baseline BF% and BMI did not predict 9-year changes in CES-D scores. Cross-sectional associations between depressive symptom severity and total adiposity indicators at baseline and follow-up were also nonsignificant. Taken together, our results suggest that depressive symptom severity is not a predictor or consequence of total adiposity among late middle-aged African-American adults. Our findings may have implications for the design of obesity and depression prevention and treatment programs specifically designed for this African-American age group.
The observed lack of depressive symptoms-adiposity relationships contrasts the results of five longitudinal studies in which greater depression at baseline predicted future obesity (11-13) and/or vice versa (9, 10) in samples of white and African-American individuals. When race/ethnicity interactions were tested, they were not detected (10-13). Although most studies had large numbers of African-Americans, none stratified by race and reported subgroup analyses. Because the majority of these prospective studies detecting depressionobesity relationships examined adolescent samples (10-13) or abdominal obesity (9, 16), their findings may not generalize to our late middle-aged sample (mean baseline age of 56 years) and our use of total body adiposity.
Our findings are consistent with several prospective studies detecting depression x race/ ethnicity interactions. In a prospective investigation of 2,088 older adults, Vogelzangs et al. (16) found that baseline depression was associated with an increase in abdominal obesity for men and non-Hispanic white women, but not for African-American women. Similarly, in 2,547 adults, Vogelzangs et al. (17) found that visceral fat predicted depressive symptom onset in African-American and white men, but not African-American or white women. In 918 adolescent females (15) , depression was prospectively related to obesity onset and vice versa for non-Hispanic whites but not for African-Americans or Hispanics. Thus, when prospective depression-total adiposity relationships are examined in African-Americans (especially middle-aged and older adults), associations are often not detected. Such findings may point not only to moderation effects by race/ethnicity but also by age/life stage and type of adiposity, possibilities that need further exploration. Our study not only adds to this literature it also has several strong methodological features typically missing in past studies, including (1) use of SEM that allowed for the simultaneous, prospective examination of both directions of the depression-obesity relationship, (2) two measured indicators of total adiposity, and (3) a lengthy, 9-year follow-up.
One key reason that depression was unrelated to adiposity in our sample may be that total body adiposity was examined instead of abdominal adiposity, and depression may be more strongly related to specific types or locations of adipose tissue (9, 16) . A second reason is that the late middle-aged life stage of our sample may not have encompassed the periods of greatest change in depression or adiposity (e.g., earlier adulthood) (27, 28) . Another possible explanation for why depression-adiposity relationships tend to be observed in non-Hispanic whites and adolescent African-Americans but not late middle-aged African-American adults is that the proposed mechanisms are not active among late middle-aged African-Americans. Depression has been said to promote obesity via biological pathways, such as hypothalamicpituitary-adrenal (HPA) axis dysregulation (29) and/or increased systemic inflammation (30) or via its impact on behaviors, such as emotional eating (31) and sedentary behavior (32) (Figure 4 , Panel A). However, depression may not lead to greater total adiposity in late middle-aged African-Americans because it may not promote systemic inflammation among adult African-Americans (33).
Regarding the opposite direction, obesity may lead to increases in depression via similar biological pathways (29) , via leptin resistance (34), or via body image dissatisfaction (35) and stigma/discrimination (36) (Figure 4 , Panel B). African-American adult women, however, have been shown to have less body dissatisfaction and a greater tolerance of larger body size than non-Hispanic white women (37) . Compared to Caucasians, AfricanAmerican men may prefer larger female body types and endorse more favorable characteristics of women with obesity (38) . Thus, obesity may not have predicted increases in depressive symptom severity in our sample due to greater body shape/weight acceptance and satisfaction as well as less weight-related stigma/discrimination among AfricanAmerican adults.
Although the current study has several strengths, limitations should be acknowledged. First, no assessment of type or distribution of body fat was conducted, which may be important because some studies have found associations between depression and abdominal fat but not total adiposity (9, 16) . Second, because our sample was comprised of late middle-aged African-American adults, future studies should test whether our findings generalize to African-Americans at earlier or later life stages, particularly adolescence, given that most of the conflicting evidence is for this age group. Third, many latent variables had only one single-item indicator (e.g., BF%), whereas others had multiple indicators (e.g., CES-D) but came from a single instrument. Using multiple indicators of latent factors is advocated, as it can provide a more reliable and valid assessment of the latent constructs (25) . On the other hand, our obtaining similar results in models examining two different measures of adiposity mitigates this concern. Next, because participants with greater baseline depressive symptom severity were more likely to be lost to follow-up, this attrition may have restricted the range of CES-D scores. The general tendency of older African-Americans to report lower levels of depressive symptoms and to experience more chronic depression (39) could also have restricted the range of the baseline depression scores and the change scores in our sample, which may have contributed to our null results. However, reasonable variability in CES-D scores was observed at each time point as well as variability in the change scores (see Table  1 ). To improve the assessment of depression, future studies should assess depressive symptoms more frequently and also include diagnostic assessments. Lastly, although men were well-represented in the total sample (35%), the recommended sample size of ≥ 200 cases (25) was not met. This limitation is unfortunate, given evidence that the depressionobesity relationship has been found more consistently in women (e.g., 14). However, it should be noted that when the models were run in females only, CES-D was still not related to BF% or BMI in either direction (results not shown).
Altogether, the findings of this 9-year prospective cohort study suggest that depressive symptom severity may not be a predictor or consequence of total adiposity among late middle-aged African-Americans. Our findings highlight the importance of examining race/ ethnicity, age/life stage, and type of adiposity as moderators of depression-obesity associations. Our results also emphasize the possible need for different conceptual models of obesity for non-Hispanic whites and African-Americans across the lifespan. If replicated, our findings suggest that including a depression module in obesity prevention and treatment programs specifically designed for late middle-aged African-Americans may not have a beneficial effect on obesity outcomes. Instead, resources should be used to target other factors that may play a role in obesity development/maintenance among African-Americans, such as perceptions of obesity-related health risk (40) . Similarly, in depression prevention and treatment programs designed for late middle-aged African-Americans, our results raise the possibility that weight loss interventions may fail to have the desired influence on depression outcomes despite having many other health benefits. Replication in prospective studies that include well-powered race/ethnicity subgroup analyses, a wide age range, and measures of total and abdominal obesity is necessary before strong clinical conclusions can be drawn. Because African-Americans have among the highest rates of obesity of any racial/ ethnic group in the nation and suffer significant health consequences from this condition (7), it is imperative that future studies identify strong predictors of obesity across the lifespan in this population, which can be targeted by culturally-sensitive and age-appropriate interventions.
What is already known about this subject?
• African Americans adults have the highest rates of obesity in the U.S.
• Depression may be a predictor and consequence of obesity.
• Evidence for depression-obesity relationships among minority groups is inconsistent.
What does this study add?
• Examination of a representative sample of late middle-aged African American adults over a 9-year period.
• Simultaneous, prospective examination of both directions of the depressionobesity relationship in late middle-aged African Americans.
• Two measured adiposity indicators (body fat percent and body mass index) validated by dual X-ray absorptiometry (DEXA). Distribution of Change Scores for Depressive Symptoms, Body Fat Percent, and Body Mass Index. Change scores were calculated as arithmetic difference scores (follow-up score minus the baseline score). Demographics-adjusted Model #1 for Hypotheses 1 and 2 using body fat percent (BF%) over 9 years. Values for unidirectional arrows (structural paths) are standardized regression coefficients or factor loadings; values associated with bidirectional arrows are Pearson correlation coefficients. Black, solid paths are significant (p < 0.05); grey, dashed paths are not significant. Error terms and correlations with baseline age and sex are omitted for clarity. Demographics-adjusted Model #2 for Hypotheses 1 and 2 using measured body mass index (BMI) over 9 years. Values for unidirectional arrows (structural paths) are standardized regression coefficients or factor loadings; values associated with bidirectional arrows are Pearson correlation coefficients. Black, solid paths are significant (p < 0.05); grey, dashed paths are not significant. Error terms and correlations with baseline age and sex are omitted for clarity. Biopsychosocial models of depression and obesity. Panel A depicts depression as a predictor of obesity and the potential mechanisms. Panel B depicts depression as a consequence of obesity and the potential mechanisms.
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